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PREFACE. 


IN  making  out  these  Tables  the  aim  has  simply  been  to  construct  such  a  prdds  of  ana- 
lytical work  as  may  be  (and,  strictly  speaking,  ought  *  to  be)  made  for  himself  by  any  student 
who  has  carefully  worked  through  courses  of  qualitative  analysis,  and  feels  the  want  of  some 
short  synopsis  to  help  him  in  gaining  a  general  grasp  of  the  course  of  work,  and  in  appre- 
ciating the  mutual  relation  and  proper  sequence  of  the  tests. 

A  separate  set  of  Tables  is  given  for  the  analysis  of  single  substances,  since  many, 
especially  at  schools,  do  not  get  beyond  this  stage  of  work ;  but  since  comparatively  few 
single  substances  are  met  with  in  a  pure  state,  it  will  always  be  safer  to  examine  them  as 
mixtures. 

An  attempt  has  been  made  to  put  the  course  of  testing  for  acids  into  a  rather  more 
regular  and  systematic  form  than  is  usually  done.  The  difficulty  of  detecting  small  quantities 
of  some  radicles  in  presence  of  others  (for  instance,  chlorides  in  presence  of  cyanides,  and 
nitrates  by  the  iron  test  in  presence  of  chlorates)  seems  hardly  sufficiently  recognised. 

Full  details  of  experiments  are  not,  as  a  rule,  given  ;  some  practical  experience  and  ac- 
quaintance with  a  text-book  being  necessarily  assumed. 

H.  G.  MADAN. 
Eton,  August,  1 88 1. 


This  point  cannot  be  too  strongly  urged.     All  synopses,  abstracts,  &c.  should  be  of  'home  manufacture,'  results 
of  careful  and  intelligent  work,  and  not  guides  to  the  first  steps  in  doing  it. 
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TABLE   A. 

Solution  of  Single  Sitbstances. 

(N.B.    r.  The  substance  should  be  finely  powdered,  or  if  it  is  malleable,  it  should  be  hammered  out  thin,  and  cut  into 
small  pieces. 

2.  Before  the  main  portion  is  dealt  with,  the  effect  of  solvents  on  a  small  quantity  should  be  tried. 

3.  Instead  of  using  a  large  quantity  of  the  solvent  at  once,  it  is  best  to  take  successive  small  portions,  pouring 

off  the  solution  when   the   action  becomes  slow,   then   adding   a  little  more  of  the  solvent,  heating,  again 
pouring  off,  and  so  on. 

4.  While  the  solution  is  being  made,  some  of  the  substance  may  be  heated  in  a  bulb-tube,  blow-pipe  experiments 

may  be  tried  with  it,  &c.) 


(If  the  substance  has  a  metallic  appearance,  treat  it  as  directed  in  III.) 

I. 

Dissolve  in  water,  if  possible :  test  solution  as  directed  in  Table  C. 
If  it  does  not  dissolve  readily,  pass  on  to  II. 


II. 

Pour  off  the  water,  add  a  little  strong  hydrogen  chloride,  and  heat. 


Substance  dissolves. 
Test  solution  by  Table  D. 
[If  gas  is  given  off,  refer 
to  note  *,  just  below.] 


Substance  is  acted  on,  but  leaves  residue  of  different 
appearance  (if  gelatinous  it  is  silica). 

[If  gas  is  given  off,  refer  to  note  *,  just  below.] 

Moisten  a.  fresh  portion  with  a  few  drops  of  water, 
add  strong  hyd.  nitrate,  and  heat. 

If  the  substance  dissolves,  test  solution  by  Table  D. 

If  a  residue  still  remains,  evaporate  to  dryness, 
warm  residue  with  dilute  hyd.  chloride,  and  filter. 

Examine  filtrate  by  Table  D. 

Examine  residue, 

(a)  in  ignition  tube  for  SULPHUR  ; 

(b)  in  bead  of  microcosmic  salt  for  SILICA. 


Substance  is  insoluble. 

Add  to  the  liquid  strong  hydrogen 
nitrate,  and  warm. 

If  the  substance  dissolves,  examine  solu- 
tion by  Table  D. 

If  the  substance  is  unacted  on,  examine 
it  by  Table  F. 


If  gas  is  given  off,  observe  its  character. 


No  smell  ;  clouds 

Smell  of  hydrogen  sulphide; 

Smell  of  sulphur  di- 

Smell of  hydrogen 

Smell  of  chlorine  ;  bleaches 

lime  water. 

blackens  lead  paper. 

oxide;     bleaches   blue 

cyanide. 

litmus. 

CARBONATE. 

SULPHIDE. 

starch  iodide  paper. 

CYANIDE. 

HYPOCHLORITE. 

SULPHITE.    HYPO- 

CHROMATE. 

SULPHITE,  if  milky 

PEROXIDE. 

ppte.    of    sulphur 

Basic  NITRATE. 

forms  also. 

III. 

Add  to  original  substance  a  few  drops  of  water,  then  hydrogen  nitrate,  and  boil. 


Substance  dissolves. 
Drive  off  excess  of  acid : 
dilute  with  water,  and  test 
solution  by  Table  D. 


Substance  acted  on  ;  white  residue,  insoluble  on  adding  more  water. 
TIN.  ANTIMONY.  GALENA  (which  would  yield  lead  sulphate). 
Dissolve  original  substance  in  aqua  regia  (using  very  little 
hyd.  nitrate),  and  test  for  metals  by  Table  D). 


Substance  insoluble. 
Examine  it  by  Table  F. 


TABLE    B. 

Preliminary  Examination  of  a  Solid  Siibstance. 


I. 


Heat  a  little  of  it  in  an  ignition  tube. 


It  remains  unaltered  ; 
or  only  fuses. 
Pass  on  to  II. 

Heat  with  sodiui 

It  yields  a  sublimate. 
SULPHUR  (if  in  yellow  drops). 
ARSENIC.    MERCURY. 
AMMONIUM  SALT. 
HYDROGEN  OXALATE. 
1 

It  becomes  charred; 
organic  vapours  evolved. 
ACETATE.    TARTRATE. 
OXALATE. 

It  fuses  ;  sulphur 
sublimes.                           < 

HYPOSULPHITE. 
POLYSULPHIDE. 

It  gives  off  orange 
icid  vapours. 
NITRATE. 
NITRITE. 

It  gii'es 

off  gas. 

n  carbonate  in  ignition  tube. 

i 

No  smell  ;  clouds 
lime  water. 

OXALATE. 
BICARBONATE. 

No  smell  ;    charcoal  de 
flagrates. 
NITRATE.   CHLORATE. 
CHROMATE.    PEROXID 

Smells  of  sulphur             Inflam 
dioxide;  acid. 

HYPOSULPHITE. 
K.      SULPHATE. 

mable  ; 

r 
Sublimate  dark,  metallic. 

ARSENIC. 
Confirm  by  oxidising  it  : 
octahedral  crystals. 

Sublimate  bright 
liquid  globules. 

MERCURY. 
1 

\ 
Sublimate  white, 

amorphous. 

AMMONIUM  SALT. 
1 

r 

Spontaneously;  bright 
flame. 
HYPOPHOSPHITES. 

Pink  flame  ;  smell  of 
essence  of  almonds. 
CYANIDES. 
FERROCYANIDES. 

1 

Blue  flame  ; 
no  smell. 
OXALATES. 
FORMIATES. 

Confirm  by  testing  solution. 

II. 

Blowpipe  Examination. 

A.    If  the  substance  is  coloured,  heat  in  borax  bead.     (If  not,  pass  on  to  B.) 

Observe  colour  of  bead. 


Oxidising  flame 
Reducing  flame 


Blue. 

'             Greenish  Hue. 

Green. 

Orange. 

Purple. 

—  - 
Brownish  Red. 

Blue. 

Colourless  ;  or  red  and  opaque. 

Green. 

Dull  Green. 

Colourless. 

Gray;  opaque. 

COBALT. 

COPPER. 

CHROMIUM. 

IRON. 

MANGANESE. 

NICKEL. 

B.    Heat  on  charcoal  with  potassium  cyanide. 

I 


1 

White,  infusible  residue. 
Heat  with  cobalt  nitrate  ; 
residue 

Malleable  globule  ; 
no  incrustation. 
SILVER. 

Malleable  globule  ; 
white  incrustation. 

TIN. 

Malleable  globule  ;         Brittle  t 
yellow  incrustation,      white  inc 
LEAD.                    ANTII 

globule  ;             Brittle  globule  ; 
<-ustation.     yellow  incrustation. 
40NY.                BISMUTH. 

No  globule  ; 
red-brown  incrustatic 
CADMIUM. 

Blue. 
ALUMINIUM. 
SILICATE. 
(Or  phosphates  of  Group  IV.) 

Green. 
ZINC. 

Pink. 
MAGNESIUM. 

C.    Moisten  with  hydrogen  chloride  and  hold  on  platinum  wire  in  Bunsen  flame. 
Colour  imparted  to  flame. 


] 

Yellow,  invisible 
through  blue  glass, 
SODIUM. 

Lavender,  crimson 
through  blue  glass. 

POTASSIUM. 

Green. 
BARIUM.    COPPER. 

BORATE. 

Crimson. 
STRONTIUM. 

Orange  red, 

greenish-yellow 
through  blue  glass. 

CALCIUM. 

B  a 


TABLE   C 


Preliminary  Examination  of  a  Liquid. 


(Put  some  to  evaporate  to  dryness,  unless  some  of  the  solid  salt  is  at  hand,  and  examine  the  residue  by  Table  B.) 

Try  its  action  on  test  paper. 
i__ , , 


Strongly  acid. 
Add  a  drop  of  sodium  carbonate  on  glass  rod. 


Strongly  alkaline. 

I 


Neutral. 


Ppte. 

L 


Acidify  with  hyd.  nitrate,  and  warm. 


No  ppte. 
HYDROGEN  SALT. 


Pass  on  to  the  actual  examination. 


r 

No  ppte.  or  & 
(a)  If  the  orig. 

'as  produced, 
(b)  If  the  orig. 

Ppte.; 

1  
no  gas. 

r 

No  ppte.  ; 

gas  evolved. 

i 

Ppte.;  gas 

evolved. 

sol.  was  neutral. 
Pass  on  to  the 

sol.  was  alkaline. 
Add  a  few  drops 

i 

Smell  of     i 
sulphur 

No  smell  ; 
clouds  lime 

Smell  of  hyd.  sul-  ' 
phide  ;  blackens 

Smell  of  hydrogen 
cyanide. 

Smell  of  chlorine.      Orange  ; 
CHLORIDE.            acid. 

actual    examina- 

to 

solution    of 

dioxide. 

•water. 

lead  paper. 

CYANIDE. 

CHLORATE.       NITRITE. 

tion. 

amm.    chloride 

SULPHITE. 

CARBONATE. 

SULPHIDE. 

FERROCYANIDE. 

HYPOCHLORITE. 

+  ammonia     in 

another  tube  and 

Pass  on  to  the  actual  examination. 

warm. 

No 

ppte. 

1 
Ppte. 

Pass  on  to  the  actual 

r 

examination. 

SlLIC 

i 
ATE. 

i 

Smell  of  sulphur 

Smell  of  hyd.  sulphide 

•  blackens  lead  paper. 

Smell  of  hyd.  cyanide. 

Evaporate   some  of  the  original   solution   with 
excess  of  hydrogen  chloride  to  dryness  ;   warm 
residue  with  hydrogen  chloride  ;  add  water,  and 
filter. 

dioxide. 

HYPOSULPHITE. 
J 

(a)  The  ppte.  is  white. 
POLYSULPHIDE. 

Evaporate  some  of  orig.  sol.  with  hyd. 
chloride;   filter;   test   filtrate  for  Groups 

DOUBLE  CYANIDE. 
Evaporate  some  of  orig. 
sol.  to  dryness  ;  boil  residue 
with  strong  hyd.  nitrate; 

A. 

•R 

IV,  V,  VI. 

test  solution  for  metals   in 

Residue.                                Filtrate. 
Test  in  bead  of                    Examine  for  an 
microcosmic  salt                 alkali-metal. 

Confirm  by  adding  some  of 
original  solution  to  a  dilute 
acidified    solution    of   pot. 

(ti)  The  ppte.  is  coloured. 
ARSENIC,  ANTIMONY,  TIN,  as  sulphides. 
Add  hyd.  chloride  to  orig.  sol.  ;  warm  ; 

the  usual  way  (one  of  the 
alkali-metals  being  certainly 
present,  in  addition  to  the 

for  silica. 

permanganate;  colour  dis- 

filter. 

other  metal). 

charged. 

r 

I- 

Ppte. 

Filtrate. 

Dissolve 

in  aqua 

Examine   for  an 

regia:  examine  so- 

alkali-metal. 

lution  for  the  above 

metals. 

TABLE 


D. 


Examination  of  a  Solution  for  a  Metallic  Radicle. 

GROUP    I. 

SILVER.    MERCURY  (monatornic).    LEAD. 

(If  the  substance  was  dissolved  in  hydrogen  chloride,  this  group  need  not  be  tested  for.) 
Add  hydrogen  chloride,  (i)  a  drop  or  two,  (2)  in  excess. 


Yellowish  white,  milky  ppte.  of  sulphur 
(sulphur  dioxide  given  of). 

HYPOSULPHITE. 
Filter,  test  filtrate  for  other  Groups. 


White  ppte.  formed,  insoluble 
in  excess. 


I 
No  ppte.,  or  ppte.  soluble 

in  excess. 
Pass  on  to  Group  II. 


Ppte.  dissolved. 

SILVER. 

Confirm  by  adding 
pot.    chromate     to 
orig.  solution. 
Crimson  ppte. 


Pour  off  liquid  and  add  ammonia  to  ppte. 


Ppte.  turns  black. 

MERCURY. 
Confirm  by  putting 
copper  into  original 
solution  (acidified). 
Gray,  metallic  deposit, 
bright  when  rubbed. 


Ppte.  unaltered. 

LEAD. 

Confirm  by  adding 
hydrogen  sulphate  to 
original  solution. 
White  ppte. 


GROUP    II. 

MERCURY  (diatomic),  LEAD,  COPPER,  BISMUTH,  CADMIUM,  TIN,  ARSENIC,  ANTIMONY,  GOLD,  PLATINUM. 
Add  to  solution  (containing  hydrogen  chloride)  hydrogen  sulphide,  and  warm. 


r 

Coloured  ppte. 


White,  milky  ppte.  (sulphur  only).  No  ppte. 

CHROMATE.    IRON  PERSALT. 


Pass  on  to  Group  III. 


Ttlitxw. 

CADMIUM.    ARSENIC.    TIN  (persalt). 
Add  pot.  hydrate  in  excess. 


Orange. 

ANTIMONY. 
Confirm  by  black 
deposit  on  platinum. 


Black. 
TIN.    MERCURY.    LEAD.    COPPER. 

BISMUTH.    (GOLD.    PLATINUM.) 
Add  pot.  hydrate  in  excess  and  warm. 


Ppte.  insoluble. 

CADMIUM. 
Confirm  by  adding 
to  orig.  solution  am- 
monia until  ppte.  is 
redissolved,  then  hy- 
drogen sulphide. 
Yellow  ppte. 


Ppte.  dissolves. 

ARSENIC.    TIN. 
Add  ammonia  to  original  solution. 


Ppte. 

TIN. 

Confirm  by  blow- 
pipe test. 
Malleable  globule. 


No  ppte. 

ARSENIC. 
Confirm  by  re- 
duction in  tube. 
Metallic  sublimate. 


r 


Ppte.  dissolves. 
TIN  (protosalt). 
Confirm  by  testing 
original  solution  with 
mercury  perchloride. 
White  precipitate. 
[If  tin  is  not  found, 
Gold  and  Platinum  may 
be  tested  for.] 


Ppte.  insoluble. 

MERCURY.    LEAD.    COPPER.    BISMUTH. 
Put   a   drop    of  the    original    solution 
(acidified)  on  bright  copper. 

Gray  deposit,  bright  when  rubbed. 

MERCURY. 

(Confirm  by  reduction  in  tube.) 
If  not  found,   add  to  original  solution 
ammonia  in  excess. 


r 

Blue  solution. 

COPPER. 

Confirm  by  pot.  ferrocyanide. 
Reddish-broivn  ppte. 


White  ppte. 

LEAD.    BISMUTH. 
To  a  portion  of  it  add 
hyd.  sulphate. 


Ppte.  insoluble. 

LEAD. 

Confirm  by  testing 
original  solution  with 
pot.  chromate. 
Yellow  ppte. 


Ppte.  dissolves. 

BISMUTH. 

Dissolve  remainder 
of  ppte.  mjust  enough 
hyd.  chloride,  and  add 
water. 

White  ppte. 


(TABLE  D,   continued?} 

GROUP   III. 

IRON.    NICKEL.    COBALT.    MANGANESE.    CHROMIUM.    ALUMINIUM.    ZINC. 
Add  to  original  solution  ammonium  chloride,  then  ammonia,  then  ammonium  sulphide. 


Ppte. 


No  ppte. 
Pass  on  to  Group  IV. 


I 


Black. 

IRON.    NICKEL.    COBALT. 
Add  to  original  solution  potassium  hydrate. 


1 

Gray  ppte.  turning  black 
then  red  in  air. 
IRON  (protosalt). 
Confirm     by     potass, 
ferricyanide. 
Blue  ppte. 

Reddish  ppte. 
IRON  (persalt). 
Confirm  by  potass,  sul- 
phocyanate. 
Red  solution. 

Light-green  ppte.,  un- 
altered on  boiling. 
NICKEL. 
Confirm  by  borax  bead. 
O.  F.  brown-red. 
R.  F'.  gray  and  turbid. 

Blue  ppte.,  turning  ret, 
on  boiling. 

COBALT. 
Confirm  by  borax  bea 
Blue  in  bothjlames. 

Not  black. 

MANGANESE.  CHROMIUM.  ALUMINIUM. 
ZINC.  Or,  if  original  solution  was 
acid,  BARIUM,  STRONTIUM,  CALCIUM, 
MAGNESIUM,  as  phosphate,  &c. 


Add  to  original  solution  potassium  hydrate. 

.1 


No  ppte. 

Broivn  ppte.  insol.  in 

'  
Dull  green  ppte.  sol. 

White  ppte.  sol.  in  excess. 

White  ppte.  insol 

excess. 

in  excess. 

ALUMINIUM.    ZINC. 

in  excess. 

r                  i 

MANGANESE. 

CHROMIUM. 

Add  to  portion  of  this  solution  in  potash, 

BARIUM,  &c.,  a 

Orig.  sol.  colourless. 

Orig.  sol.  coloured. 

Confirm  by  borax 

Confirm  by  borax 

hyd.  sulphide. 

phosphate,  &c. 

SILICATE. 

CHROMATE. 

bead.  In  O.  F.  pur- 

bead. 

1 

See  Table  C. 

Confirm  by  borax 

ple,  in  R.  F.  colour- 

Green in  bothjlames. 

r                 i 

Treat  orig.  sol.  as 

bead. 

less. 

White  ppte. 

No  ppte. 

there  directed. 

Green  in  bothjlames. 

ZINC. 

ALUMINIUM. 

Examine  orig.  sol. 

Confirm  by  blow- 

Confirm   by    adding 

for  a  metal  in  Group 

pipe  test  on  char- 

the rest  of  the  potash 

IV,  V,  or  VI. 

coal.     Green  mass 

solution  to  solution  of 

with  cobalt  nitrate. 

amm.  chloride.     White 

ppte.  on  warming. 

Test  portion  of  original  (acid)  solution  with  calcium  sulphate. 


Ppte.  at  once, 

BARIUM. 

Confirm  by  flame  test. 
Green  flame. 


Ppte.  on  standing. 

STRONTIUM. 

Confirm  by  flame  test. 

Crimson  flame. 


No  ppte. 
Add  to  original  solution  hyd.  sulphate  and  alcohol. 


r 

Ppte. 

CALCIUM. 

Confirm  by  flame  test. 
Orange-red   flame, 
greenish  yellow  through 
blue  glass. 


\o  ppte. 
MAGNESIUM. 

To  confirm  this,  boil  orig.  substance  (or  solution)  with 
strong  solution  of  sodium  carbonate ;  filter ;  wash  ppte. ; 
dissolve  it  on  the  filter  in  dilute  hyd.  chloride ;  add  am- 
monia and  amm.  chloride  to  the  solution;  boil;  filter: 
test  filtrate  with  sodium  phosphate.  If  a  while  f fie.  forms, 
MAGNESIUM  is  present. 


6 


(TABLE  D,  contimied.} 


GROUPS   IV,  V. 

BARIUM.    STRONTIUM.    CALCIUM.    MAGNESIUM. 

Add  to  solution,  containing  ammonia  and  ammonium  salts,  ammonium  carbonate. 

I 


r 

White  ppte. 

BARIUM.    STRONTIUM.    CALCIUM. 
Add  to  original  solution  calcium  sulphate. 


White  ppte.  at  once. 

BARIUM. 

Confirm  by  green  colour 
imparted  to  flame. 


White  ppte.  on  standing. 

STRONTIUM. 
Confirm  by  red  colour 
imparted  to  flame. 


No  ppte. 
CALCIUM. 

Confirm  by  adding  am- 
monia and  amm.  oxalate  to 
orig.  solution.  White  ppte. 


No  ppte. 

MAGNESIUM  OR  ALKALI  METAL. 
Add  to  the  solution  (containing  ammo- 
nium salts)  sodium  phosphate. 


White  ppte. 
MAGNESIUM. 

Confirm  by  blowpipe  test. 
Pink  residue. 


No  ppte. 


GROUP   VI. 


AMMONIUM.    POTASSIUM.    SODIUM. 
I.   Warm  original  solution  with  lime.    Test  vapours  with  turmeric  paper. 


Turmeric  reddened. 
AMMONIUM. 
Confirm  by  smell 
and  white  fumes  with 
rod   dipped    in   hyd. 
chloride. 


turmeric  unaltered. 
POTASSIUM.    SODIUM. 

Add  to  original  solution  plat,  perchloride.    Evaporate 
to  dryness  and  dissolve  in  dilute  alcohol. 


r 


Yellow  residue. 
POTASSIUM. 
Confirm  by  flame  test. 
Lavender,   crimson    through 
blue  glass. 

C  2 


No  residue. 
SODIUM. 

Confirm  by  j/ellotu  flame 
invisible  through  blue  glass. 


TA 


BLE 


E 


Examination  of  a  Single  Substance  for  a  Non-metallic  Radicle. 

Consider  what  radicles  may  be  present,  from  the  solubility  or  insolubility  of  the  substance  (see  Table  M),  and  the  results  of  the  preliminary  examination. 
(A  CARBONATE,  SULPHIDE,  SULPHITE,  HYPOSULPHITE,  SILICATE,  or  NITRITE,  will  have  been  detected  already.) 

I. 

Refer  to  results  of  heating  it  in  an  ignition-tube. 


It  became  charred. 

TARTRATE.    ACETATE  (OXALATE). 
Boil  with  excess  of  sodium  carbonate ;    filter  (if 
necessary) ;    add  silver  nitrate  (until  a  slight  perma- 
nent ppte.  is  formed),  and  boil. 


Ppte.  turns  black. 

TARTRATE. 


Ppte.  remains  brown. 
ACETATE  (or  OXALATE). 
Confirm  by  adding  to  original 
solution  pure  alcohol  and  hyd. 
sulphate,  and  warming. 
Fragrant  smell  of  ethyl  acetate. 

If  not  found,  test  for  oxalate 
as  directed  below  (III.  2). 


//  did  not  become  charred. 

Add  to  original  solution  ammonia,  till  alkaline ;    filter  (if  necessary) ;    test  filtrate  with 

barium  chloride. 

L . 


No  ppte. 
Pass  on  to  II. 


White  ppte. 
Add  excess  of  hyd.  nitrate. 


Ppte.  dissolves. 
Pass  on  to  II. 


Ppte.  insoluble. 

SULPHATE. 

Confirm  by  testing  original 
solution  with  lead  acetate. 
White  ppte. 


fellow  ppte. 

CHROMATE. 

Confirm  by  testing  original 
substance  in  borax  bead. 
Green  in  both  flames. 


IODIDE. 


II. 

(Use  a  solution  in  water  or  hyd.  nitrate.) 
Acidify  original  solution  with  hyd.  nitrate  and  test  with  silver  nitrate*. 


BROMIDE. 

CHLORIDE. 

Ppte.,  <white 
CYANIDE. 

or  light  yellow. 

FERROCYANIDE 

.      SULPHOCYANATE. 

Ppte 
FERRI 

,  orange. 
CYANIDE. 

1 
No  ppte. 

Pass  on  to 

II! 

Test  original  solution 

(acidified) 

with  solution  of 

chlorine. 

Liquid  turns  yellow. 

IODIDE.    BROMIDE. 
Test  a  portion  of  it  with  solution 
of  starch. 


Liquid  turns 

blue. 
IODIDE. 


No  change  in  colour. 

BROMIDE. 
Confirm  by  shak- 
ing   it   with   carb. 
disulphide  :    orange 
globule. 


No  change 
CHLORIDE.    CYANIDE.    FERR< 
1. 
Heat  original  substance  with  mang. 
dioxide  and  hyd.  sulphate. 

in  colour. 

)CYANIDE.    SULPHOCYANATE. 
2. 
Test  original  solution  (slightly  acid 
ified)  with  iron  perchloride. 

1 

i 

Chlorine  evolved. 
Litmus  paper 
bleached. 

CHLORIDE. 

Hyd.  cyanide  evolved. 
CYANIDE. 
Confirm  by  adding 
to  orig.  sol.  (i)  iron 
protosulphate  ;    (2) 
pot.  hydrate  :  warm 
and  shake  it,  then 
add  excess  of  hyd. 
chloride.   Blue  ppte* 

i 

Blue  ppte. 
FERROCYANIDE. 

1. 

Red  solution. 
SULPHOCYANATE. 

*  The  cyanogen  in  mercury  cyanide  is  not  precipitated  by  this  test. 


III. 

Examine  separate  portions  of  original  solution  as  follows : — 


1. 


Add  strong  hyd.  sulphate,  then  indigo,  and  boil. 
Blue  colour  discharged. 

NITRATE.    CHLORATE. 
Pour  strong  hyd.  sulphate  on  solid  substance. 


Tellow  liquid  and 
yellow  gas. 

CHLORATE. 


n 

No  change. 

NITRATE. 

Allow  it  to  cool ;  pour  on  it 
iron  protosulphate. 
Broivn  ring. 


Add  strong  hyd. 
sulphate,  then 
mang.  dioxide, 
and  warm. 
Gas  evolved  <which 
clouds  lime-water. 
OXALATE. 


3. 

Add  a  little 
(strongly  acid)  to 
some  amm.  mo- 
lybdate,  and 
warm. 

Yellow  ppte. 

PHOSPHATE. 


4. 


Acidify  with  hyd.  chloride ; 
dip  into  it  "turmeric  paper, 
and  dry. 

Reddish  stain  blackened  by  sod. 
carbonate. 

BORATE. 

Confirm  by  flame  test,  unless 
copper  is  present. 


5. 

Heat  the  solid 
"with  strong  hyd. 
sulphate  in  lead 
dish. 

Glass  etched. 

FLUORIDE. 


T 


ABLE 


F. 


Examination  of  a  Single  Substance  insoluble  in  Water  and  Acids. 

[The  following  substances  may  be  present : — 


(LEAD  SULPHATE). 
SILVER  CHLORIDE. 
SILVER  BROMIDE. 
SILVER  IODIDE. 
TIN  DIOXIDE. 


ANTIMONY  TRIOXIDE. 
ANTIMONY  PENTOXIDE. 
IRON-AND-CHROMIUM  OXIDE. 
(IRON  FERROCYANIDE). 
(CHROMIUM  SESQUIOXIDE). 


(ALUMINIUM  SESQUIOXIDE). 
BARIUM  SULPHATE. 
STRONTIUM  SULPHATE. 
(CALCIUM  FLUORIDE). 
ALUMINIUM-AND-SODIUM  FLUORIDE. 


BARIUM  SILICOFLUORIDE. 
SILICON  DIOXIDE. 
SILICATES  of  various  kinds. 
SULPHUR. 
CARBON. 


The  substances  enclosed  in  parentheses  dissolve  with  great  difficulty  in  acids.] 


A.   Boil  some  of  the  substance  -with  strong  solution  of  potassium  hydrate. 

If  decomposition  occurs,  add  water,  and  filter  if  necessary ;   examine  the  filtrate  by  the  usual  course  (beginning  with  Table  C) 

for  a  non-metallic  radicle. 
Wash  the  residue,  if  any;    dissolve  it  in  hyd.  nitrate,  and  examine  it  for  a  metal. 


B.    Refer  to  results  of  preliminary  examination  (Table  B). 

1.   When  heated  in  ignition  tube. 


The  substance  "volatilised ; 
sublimate,  yellow  drops. 

SULPHUR. 

Confirm  by  heating  in 
open  tube ;  sulphur  di- 
oxide formed  with  char- 
acteristic smell  and  acid 
reaction. 


The  substance  fused ; 

otherwise  unaltered. 

SILVER  CHLORIDE. 
BROMIDE,  or  IODIDE. 

Fuse  with  sodium 
carbonate,  as  directed 
below  (2  8). 


the  substance  taas  unaltered. 
If  it  is  light-coloured,  pass  on  to  2. 
If  it  is  dark-coloured,  fuse  with  potassium  nitrate  in 
ignition  tube. 

Deflagrates. 
CARBON. 
Test  the  residue 
in  the  tube  for  a 
carbonate. 

F 
T 
chi 

Tellcnv  mass.                     No  change. 
CHROMIUM  OXIDE.           Pass  on  to  2. 
CHROME  IRON  STONE. 
Boil  residue  with  water  ; 
filter. 

1 

r          i 

Itrate.              Residue, 
est  for           Wash  ;  dissolve 
•ornate.       in  hyd.  chloride, 
and  test  for  iron. 

Metallic  globule  obtained. 


2.  When  heated  on  charcoal  with  potassium  cyanide. 


No  metallic  globule  obtained. 


1 

Pass  on  to  C. 

a. 
Malleable  ;  yellows  incrustation. 
,     LEAD  SULPHATE. 
Boil  substance  with  sod.  carbonate  ;  filter. 

& 

Malleable  •   white  in- 
crustation. 
TIN  DIOXIDE. 
Dissolve  globule  in 
hydrogen  chloride  ; 
test  solution  for  tin. 

1- 
Brittle  ;  white  incrustation. 
ANTIMONY  OXIDE. 
Dissolve  globule  in  aqua 
regia;    test  solution   for 
antimony. 

i 

8. 
Malleable;  no  incrustation. 
SILVER  CHLORIDE.     BROMIDE,  or  IODIDE. 
Fuse  original  substance  on  porcelain  with  sodium 
carbonate  ;   boil  residue  with  water  ;  filter. 

i 

Filtrate. 
Acidify,  and  test 
for  SULPHATE. 

Residue. 
Wash  ;  dissolve  in 
hyd.  nitrate,  and  test 
for  LEAD. 

Filtrate. 
Test  for  chloride, 
bromide  and  iodide. 

n 

Residue. 
Test  for  silver. 

C.    Mix  original  substance  (finely  powdered)  with  sodium  carbonate ;  fuse  in  iron  or  platinum  cup.    Boil  residue  with  water ;  filter. 


r 


Filtrate. 

Test  for  acids  by  Tables  C  and  E. 
(If  a  fluoride  is  found,  dissolve  the  residue  in 
the  lead  dish  in  water  and  test  it  for  calcium.) 


Residue. 

Wash ;  dissolve  in  hyd.  nitrate ;  test  solution 
for  metals  by  Table  D. 


ANALYSIS    OF    MIXTURES. 


TABLE   G. 

SOLUTION   OF  THE   SUBSTANCE. 

[Read  remarks  at  the  head  of  Table  A.] 

A.     Ihe  substance  is  not  metallic  in  appearance. 

I.    Treatment  with  water. 

Place  a  small  quantity  (as  much  as  will  lie  on  the  small  end  of  a  spatula)  in  a  test-tube ;  add  10  or  12  c.c.  of 
water  and  boil. 

If  the  substance  dissolves,  treat  about  2  or  3  grms.  of  it  in  the  same  way,  and  examine  the  solution  by  the  ordinary 
course  (Table  J). 

If  a  considerable  portion  dissolves,  heat  about  2  or  3  grms.  of  it  with  several  successive  portions  of  water,  pour  off 
the  solution  and  treat  the  residue  as  directed  in  II.  The  solution,  after  being  examined  for  the  metals  in  Group  1, 
may  be  mixed  with  the  solution  in  acid  subsequently  obtained. 

If  the  substance  does  not  readily  dissolve,  treat  the  liquid  as  directed  in  II. 

II.    Treatment  with  hydrogen  chloride. 

Add  about  2  c.c.  of  strong  hydrogen  chloride  to  the  tube  containing  a  little  of  the  substance  (or  the  insoluble 
residue  obtained  in  I)  suspended  in  a  little  water,  and  boil  again. 

If  any  escape  of  gas  takes  place,  observe  its  character. 

(a)  Odourless,  clouds  lime-water.    Carbon  dioxide,  from  CARBONATES. 

(b)  Odour  of  rotten  eggs,  blackens  lead-paper.    Hydrogen  sulphide,  from  SULPHIDES. 

(c)  Penetrating  odour,  like  that  of  burning  sulphur.    Sulphur  dioxide,  from  SULPHITES  or  HYPOSULPHITES. 

(d)  Odour  of  essence  of  almonds.    Hydrogen  cyanide,  from  CYANIDES  or  FERROCYANIDES. 

(e)  Yellow  colour,  suffocating  odour,  bleaches  litmus-paper.    Chlorine,  owing  to  NITRATES,  CHBOMATES,  or  PEBOXIDES. 

If  it  dissolves,  treat  about  2  or  3  grms.  of  it  in  the  same  way  and  examine  the  solution  by  the  ordinary  course 
(Table  J),  remembering  that  silver  salts  and  mercury  protosalts  cannot  be  present. 

If  it  does  not  dissolve,  boil  a  fresh  portion  of  the  substance  with  strong  hydrogen  chloride,  noting  the  character 
of  any  gas  evolved,  as  above. 

1.  Ihe  substance  dissolves.    Boil  about  2  or  3  grms.  of  it  with  several  successive  portions  of  strong  hydrogen  chloride 

until  it  is  dissolved ;   dilute  with  5  or  6  times  its  volume  of  water  (stopping,  however,  if  a  precipitate,  due  to 
the  presence  of  bismuth  or  antimony,  begins  to  form),  and  examine  the  solution  in  the  usual  way  (Table  J). 

2.  The  substance  does  not  entirely  dissolve,  and  the  residue  seems  unaltered  by  the  acid.     Treat  a  fresh  portion  as  directed 

in  III. 

3.  A  residue  is  left,  different  in  appearance  to  the  original  substance.     Observe  its  character. 

(a)    If  it  is  light  yellow  and  finely  divided,  or  possibly  in  fused  yellow  globules,  it  is  probably  SULPHUR,  due  to  the 

decomposition  of  sulphides. 

Treat  about  2  or  3  grms.  of  the  substance  in  the  same  way,  dilute  with  an  equal  volume  of  water,  filter  the 
liquid  (using  Swedish  paper  if  necessary),  and  examine  the  solution,  after  further  dilution,  in  the  usual 
way.  See  if  the  residue  is  really  sulphur  by  heating  it  in  an  ignition-tube. 

(t)   If  it  is  white,  or  gray,  and  gelatinous,  it  is  probably  SILICA,  due  to  the  decomposition  of  silicates. 

Treat  about  2  or  3  grms.  of  the  substance  in  the  same  way ;  evaporate  to  complete  dryness ;  warm  the  residue 
with  dilute  hydrogen  chloride;  filter;  examine  the  filtrate  by  the  usual  course  (Table  J),  and  test  the 
residue  for  silica  by  heating  it  in  a  bead  of  microcosmic  salt. 

(c)   If  it  is  crystalline,  and  needle-like  crystals  are  deposited  as  the  liquid  cools*,  it  is  probably  LEAD  chloride. 
Pour  off  the  solution   and  boil  the  crystals  with  water.      If  they  dissolve,  and  the  solution  gives  a  yellow 

precipitate  when  tested  with  solution  of  potassium  chromate,  they  are  LEAD  chloride. 
Treat  about  2  or  3  grms.  of  the  substance  in  the  same  way ;  allow  the  solution  to  cool ;  pour  off  the  liquid  from 

the  crystals  and  examine  it,  after  dilution,  in  the  usual  way  (Table  J). 

*  Other  salts  may,  of  course,  crystallise,  if  the  solution  is  very  strong. 

D 
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(TABLE  G,  continued?) 


III.     Treatment  with  Hydrogen  Nitrate. 

Shake  up  a  small  portion  of  the  original  substance  with  just  sufficient  water  to  cover  it,  add  twice  the  volume 
of  strong  hydrogen  nitrate,  and  boil. 

1.  If  the  substance  dissolves,  treat  about  2  or  3  grms.  of  it  in  the  same  way,  evaporate  the  solution  to  a  small  bulk  to 

drive  off  excess  of  acid  (which  would  decompose  the  hydrogen  sulphide  subsequently  used),  dilute  freely  with 
water,  and  examine  the  solution  by  the  usual  method  (Table  J)  (remembering  that  compounds  of  mercury, 
tin,  arsenic,  and  iron  will  have  been  converted  into  persalts,  even  though  not  originally  present  in  that  state). 

2.  If  the  substance  does  not  entirely  dissolve,  allow  the  residue  to  subside,  pour  off  the  clear  liquid,  and  test  the  latter 

with  a  drop  of  hydrogen  chloride. 
If  this  produces  no  precipitate,  pass  on  to  IV. 
If  a  white  precipitate  is  formed,  a  SILVER  salt  (and  possibly  also  a  LEAD  salt)  is  present. 

Treat  about  2  or  3  grms.  of  the  substance  with  slightly  diluted  hydrogen  nitrate  in  successive  portions,  decant 
the  solution,  drive  off  excess  of  acid  as  directed  above,  and  examine  it  after  dilution  in  the  usual  way  (Table  J). 

Wash  the  residue,  and  treat  it  as  directed  in  IV. 

IV.      Treatment  with  Aqua  Regia. 

Take  a  small  portion  of  the  residue  insoluble  in  hydrogen  chloride  or  hydrogen  nitrate,  add  2  or  3  c.c.  of  strong 
hydrogen  chloride,  then  i  or  2  drops  of  strong  hydrogen  nitrate,  and  boil. 

1.  If  the  substance  or  the  greater  part  of  it  dissolves,  treat  a  larger  portion  in  the  same  way  (remembering  to  add  no 

more  hydrogen  nitrate  than  is  necessary) ;  pour  off  the  solution  from  the  residue  (if  any),  dilute  freely  with 
water,  and  examine  it  in  the  usual  way  (Table  J).  Wash  the  residue,  and  examine  it  as  an  insoluble  substance. 

2.  If  the  substance  does  not  dissolve  to  any  greater  extent  than  in  either  of  the  acids  separately,  the  residue  should  be 

treated  by  the  special  method  for  insoluble  substances  (Table  H). 


B.     The  substance  has  a  metallic  appearance. 

(Some  minerals,  e.g.  Galena,  Pyrites,  Specular  Iron,  &c.,  besides  metals  and  alloys,  have  this  appearance.) 
Put  a  small  portion  into  a  test-tube,  add  about  i  c.c.  of  water  and  twice  as  much  strong  hydrogen  nitrate, 


and  boil. 


No  action  occurs. 
GOLD,  PLATINUM. 
[Observe  colour  and  malleability.] 
Dissolve  a  larger  portion  in  aqua 
regia,  and   test   at    once    for   these 
metals. 


An  action   occurs   (gas  given   off) 
but  a  white  insoluble  residue  is  left. 

TIN,  ANTIMONY. 


The  substance  dissolves. 


Treat  about  2  grms.  of  the  substance  in  the  same  way,  add  an  equal  volume  of  water  (not   more,  or  bismuth 
might  be  precipitated),  and  filter  if  any  white  residue  remains. 


Residue  (if  any). 

(TIN  DIOXIDE,  ANTIMONY   PENTOXIDE.      Possibly  also 

LEAD  SULPHATE,  formed  by  the  oxidation  of  Galena;  or 
SULPHUR,  from  the  decomposition  of  sulphides.) 

Wash  it ;  rinse  into  a  test-tube  through  a  hole  in  the 
filter,  using  as  little  water  as  possible;  add  some  crystals 
of  hydrogen  tartrate  and  boil.  If  any  residue  remains,  filter. 


Filtrate. 

Dilute  with  more  water  (stopping,  however,  if  a  pre- 
cipitate shews  a  tendency  to  form)  and  test  the  solution 
for  metals  in  the  usual  way  (Table  J). 


Residue  (if  any). 

(TiN  DIOXIDE.    LEAD  SULPHATE,  SULPHUR.) 
Dry  it ;  heat  a  little  in  an  ignition  tube.     If  it  entirely 
sublimes,  in  yellow  drops,  it  is  SULPHUR  only.    If  not,— 

Fuse  the  remainder  with  potassium  cyanide  on  a  bit 
of  porcelain;  boil  the  mass  with  2  or  3  changes  of  water; 
dissolve  the  residue  in  strong  hydrogen  chloride ;   dilute  with  a  little  water,  and  test  one  portion  with  mercury  per- 
chloride  for  tin,  and  the  other  with  ammonia  followed  by  excess  of  hydrogen  sulphate  for  lead. 

D  a 


Filtrate. 

(May  contain  ANTIMONY  as  tartrate.) 
Add  hyd.  chloride,  then  hyd.  sulphide,  and  warm ;   if 
an  orange  precipitate  is  formed,  ANTIMONY  is  present. 
[The  black  deposit  on  platinum  foil  may  be  also  tried.] 
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TABLE    H. 

Treatment  of  Insoluble  Substances. 

[Refer  to  list  at  the  beginning  of  Table  F.] 

A.    Heat  a  small  portion  of  the  dried  residue  (or,  if  no  part  has  dissolved  in  acids,  of  the  original  substance)  in  an 

ignition  tube. 
If  a  sublimate  forms  in  yellow  drops,  SULPHUR  is  present. 


B.    Boil  a  little  of  it  with  strong  solution  of  potassium  hydrate. 

If  decomposition  occurs,  dilute  and  filter:    test  residue  for  metals,  and  filtrate  for  non-metallic  radicles. 


C.    Mix  another  small  portion  intimately  with  about  twice  as  much  potassium  nitrate  and  heat  it  in  an  ignition  tube. 
If  a  deflagration  takes  place,  CARBON  is  present. 
Break  off  the  bulb,  boil  it  and  its  contents  with  water  and  filter. 

I ' 

r  i 

Filtrate.  Residue. 


Acidify  with  hyd.  acetate,  and  warm. 

[If  carbon  dioxide  is  given  off,  CARBON  was  present  in  the  original  substance.] 

Test  the  solution  with  lead  acetate. 

If  a  jelloiu  ppte.  forms,  a  CHROMATE  is  present. 


Boil  with  hyd.  chloride,  and 
test  the  solution  for  IRON. 


D.  Mix  the  rest  of  the  substance  with  four  times  its  weight  of  sodium  carbonate  and  a  little  potassium  nitrate, 
and  fuse  it  in  an  iron  spoon  or  capsule  *,  until  all  action  is  over.  Powder  the  fused  mass,  boil  it  with  water, 
and  filter. 


Filtrate.  Residue. 

Test  for  non-metallic  radicles.          Test  for  metallic  radicles  (except  iron). 


*  The  capsule  should  not  be  platinum,  since  it  would  be  acted  on  by  reducible  metals ;  nor  of  porcelain,  which  would  yield  silicates. 
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TABLE  J. 

Application  of  the  Group-reagents  for  Metals. 

I.    Hydrogen  Chloride  test. 
(If  hydrogen  chloride  has  been  used  in  preparing  the  solution  this  test  should,  of  course,  be  omitted.) 

Add  to  the  solution  a  few  drops  of  dilute  hydrogen  chloride. 

1.  If  no  precipitate  is  formed,  metals  belonging  to  Group  I  are  absent.     Pass  on  to  II. 

2.  If  a  precipitate  is  formed,   add  a  little  strong  acid   until   the  precipitation  is  complete  (shaking   up  the  mixture  to 

promote  the  separation  of  the  precipitate,  but  not  heating  it),  then  add  10  or  12  drops  in  excess,  to  re- 
dissolve  any  bismuth  chloride  or  antimony  chloride. 

Filter  the  liquid,  wash  the  precipitate   twice  (not  more)  with  cold   water,  add  the   washings  to  the  filtrate,  and 
treat  it  as  directed  in  II.     Examine  the  precipitate  by  the  course  for  Group  I  (Table  K). 

II.     Hydrogen  Sulphide  test. 
Put  a  few  drops  of  the  (acid)  solution  into  a  test-tube,  add  a  little  solution  of  hydrogen  sulphide,  and  warm. 

1.  If  no  precipitate,   or  only  a  white  milky  precipitate  of  sulphur   is  formed,  metals  belonging  to   Group  II    are   absent. 

Pass  on  to  III. 

2.  If  a  coloured  precipitate  is  formed,  pass  hydrogen  sulphide  gas  through  the  main  portion  of  the  solution  (which 

should  not  be  -very  acid)  in  a  small  flask,  shaking  it  occasionally,  and  warming  gently.  When  the  precipita- 
tion is  complete  (known  by  the  liquid,  after  being  shaken  up,  smelling  strongly  of  the  gas),  filter,  wash  the 
precipitate  thoroughly,  and  examine  it  for  Group  II.  Treat  the  filtrate  as  directed  in  III. 

III.  Ammonium  Sulphide  test. 

Put  a  little  of  the  solution  into  a  test-tube,  boil  until  all  hydrogen  sulphide  is  expelled,  add  a  little  solution  of 
ammonium  chloride,  and  then  ammonia  to  alkaline  reaction.  Lastly,  add  ammonium  sulphide  and  warm. 

1.  If  no  precipitate  is  formed,  metals  belonging  to  Group  III  are  absent.      Pass  on  to  IV. 

2.  If  a  precipitate  is  formed,  add  to  the  main  portion  of  the  solution  about  £  its  volume  of  ammonium  chloride 

(to  prevent  precipitation  of  magnesia),  then  add  ammonia  to  alkaline  reaction;  and  lastly  (disregarding  any 
precipitate  produced  by  the  ammonia),  solution  of  ammonium  sulphide  until  the  liquid,  after  being  shaken, 
smells  strongly  of  it.  Warm  it  gently,  shake  it  until  the  precipitate  separates  in  flakes,  and  filter.  Examine 
the  filtrate  as  directed  in  IV. 

[If  the  filtrate  is  brown,  owing  to  a  trace  of  nickel,  boil  it  with  a  little  hydrogen  acetate  and  filter  it.     The  residue, 
if  sufficient,  may  be  tested  in  a  borax  bead  for  nickel.] 

Wash  the  precipitate  with  water  to  which  a  drop  or  two  of  ammonium  sulphide  has  been  added  (to  prevent  oxida- 
tion of  the  sulphides),  and  examine  it  for  the  metals  in  Group  III. 

IV.  Ammonium  Carbonate  test. 

Test  a  few  drops  of  the  solution  with  solution  of  ammonium  carbonate,  warming  gently. 

1.  If  no  precipitate  is  formed,  pass  on  to  V. 

2.  If  a  precipitate  is  formed,  add  to  the  main  portion  of  the  solution  (containing  some  ammonium  chloride)  excess  of 

solution  of  ammonium  carbonate,  and  warm  for  a  minute  or  two,  but  do  not  boil.  Filter  the  liquid,  and 
examine  the  filtrate  as  directed  in  V.  Wash  the  precipitate,  and  examine  it  for  the  metals  in  Group  IV. 

V.     Sodium  Phosphate  test. 

Test  a  small  portion  of  the  solution  (a)  with  one  drop  of  dilute  hydrogen  sulphate,  (b)  with  a  few  drops 
of  ammonium  oxalate  (to  separate  any  traces  of  barium,  strontium,  or  calcium) :  filter  if  necessary,  and  add  to  the 
liquid  a  few  drops  of  solution  of  sodium  phosphate ;  stir  with  a  glass  rod  and  allow  it  to  stand  for  a  minute. 

1.  If  no  precipitate  is  formed,  magnesium  is  absent. 

Examine  the  main  portion  of  the  solution  for  the  metals  in  Group  VI. 

2.  If  a  <wbite  granular  precipitate  is  formed,  MAGNESIUM  is  present. 

Evaporate  the  main  portion  of  the  solution  to  dryness,  and  heat  the  residue  to  low  redness  until  no  more  white 
fumes  of  ammonium  salts  are  expelled.  When  cool,  dissolve  it  in  water,  and  add  solution  of  barium  hydrate 
as  long  as  any  precipitate  (of  magnesium  hydrate)  is  produced.  Boil  and  filter  the  liquid ;  add  to  the  filtrate 
excess  of  solution  of  ammonium  carbonate  (to  separate  the  barium  salts  present),  boil,  filter,  and  examine 
the  filtrate  for  the  metals  in  Group  VI. 


13 


TABLE    K. 


Examination  of  Mixtures  for  Metals. 
GROUP    I.     (METALS.) 

Examination  of  the  (moist,  washed)  precipitate  produced  by  hydrogen  chloride. 

(It  may  contain  SILVER,  MERCURY  (monatomic),  LEAD*.) 

Pour  boiling  water  over  it,  on  the  filter. 


A. 

Filtrate. 

(May  contain  LEAD.) 

Test  with  hydrogen  sulphate. 

White  precipitate. 

LEAD  is  present. 


B. 

Residue. 

(May  contain  SILVER  and  MERCURY.) 
Pour  a  little  warm  ammonia  over  it  on  the  filter. 


w 

Filtrate. 

Add  excess  of  hydrogen  nitrate. 

White  precipitate. 
SILVER  is  present. 
Confirm  by  adding  enough  ammonia 
to  dissolve  the  ppte.  and  testing  with 
potassium  iodide  :  light  yellow  ppte. 


Residue. 


Turns  black. 
MERCURY  is  present. 
Confirm  by  rinsing  the  residue 
into  a  tube,  dissolving  it  in  aqua 
regia,  and  putting  in  a  slip  of 
copper:    bright   metallic    deposit, 
•volatilised  on  being  heated. 


Remains 
unchanged. 
MERCURY 
is  absent. 


*  If  the  original  solution  was  alkaline  the  precipitate  obtained 
by  hydrogen  chloride  may  contain  also : — 

(a)  SULPHCB.  If  so,  it  will  be  white,  and  subside  very  slowly  : 
hydrogen  sulphide  will  be  given  off.  This  indicates  the  presence 
of  an  alkali  metal  sulphide.  It  will  not  interfere  with  the  above 

tests. 

(6)  SILICA.  If  so,  it  will  be  white  and  gelatinous,  and  may  be 
tested  in  a  bead  of  microcosmic  salt.  It  will  not  interfere  with 
the  above  tests. 


(c)  ARSENIC,  ANTIMONY,  and  TIN  SULPHIDES.  If  so,  it  will  be 
yellow  or  orange. 

(rf)  NICKEL  CYANIDE,  and  some  other  cyanides  which  are  soluble 
in  an  alkali-metal  cyanide.  If  so,  the  smell  of  hydrogen  cyanide 
will  be  perceived. 

In  these  cases,  it  will  be  best  to  boil  the  whole  precipitate 
with  aqua  regia  (which  will  leave  any  silver  chloride  and  sulphur 
undissolved),  dilute  slightly,  filter,  and  examine  the  solution  in 
the  usual  way  for  the  other  groups,  and  the  residue  as  directed 
in  the  Table  for  insoluble  substances  (Table  H). 


(TABLE  K,  continued.} 


GROUP  II.    (METALS.) 

Examination  of  the  (moist,  washed)  precipitate  produced  by  hydrogen  sulphide. 
{It  may  contain  MERCURY,  LEAD,  BISMUTH,  COPPER,  CADMIUM,  ARSENIC,  ANTIMONY,  TIN  (GOLD,  PLATINUM).} 

Take  up  a  little  on  a  glass  rod,  and  warm  it  in  a  test-tube  with  2  or  3  c.c.  of  potassium  hydrate  (which 
must  be  pure)  ;  decant  the  liquid  from  the  residue,  if  any  ;  dilute  with  6  or  8  c.c.  of  water,  and  add  excess  of  dilute 
hydrogen  chloride. 

(a)  No  precipitate  is  produced. 

No  part  of  the  precipitate  has  dissolved  in  the  potassium  hydrate,  and  therefore  Arsenic,  Antimony,  Tin  (Gold  and 

Platinum)  are  absent. 
Treat  the  rest  of  the  original  precipitate  as  directed  in  B. 

(b)  A  coloured  precipitate  is  produced. 

ARSENIC,  ANTIMONY,  TIN  (GOLD  and  PLATINUM),  may  be  present. 

Wash  the  whole  of  the  original  precipitate,  through  a  hole  made  in  the  filter,  into  a  large  test-tube,  or  beaker  ;  add 

about  an  equal  volume  of  strong  solution  of  ammonium  sulphide,  and  warm  the  mixture  for  2  or  3  minutes  ; 

filter  the  liquid  and  wash  the  residue,  if  any. 
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A. 

Filtrate. 

(May  contain  ARSENIC,  ANTIMONY,  TIN.) 
Add  excess  of  dilute  hydrogen  chloride  (to  repre- 
cipitate  the  metals  as  sulphides);  filter;   wash  the  preci- 
pitate ;  ignite  a  very  small  portion  on  a  bit  of  porcelain. 
(a)  It  is yellow  aud  volatilises  entirety. 
ARSENIC  only  is  present. 

Confirm  this  by  drying  the  rest  of  the  precipitate  and 
heating  some  of  it  with  sodium  carbonate  and  potas- 
sium cyanide  in  a  bulb-tube,  to  get  the  metal-sublimate. 
(J>)  It  does  not  -volatilise  entirely. 

Make  a  hole  in  the  filter,  and  rinse  the  greater  part 
of  the  precipitate  into  a  test-tube  with  10  or  15  c.c.  of 
strong  hydrogen  chloride ;  boil  the  mixture  for  2  or 
3  minutes,  then  add  a  little  water,  and  filter. 


Filtrate. 

(Antimony  and  Tin  Chlo- 
rides.) 

Pour  it  on  a  piece  of 
platinum  foil  in  a  dish ;  add 
a  bit  of  zinc ;  leave  until  the 
action  is  over. 

If  the  platinum  is  black- 
ened, ANTIMONY  is  present. 

Take  out  the  platinum 
foil ;  pour  off  the  liquid, 
retaining  all  metallic  parti- 
cles in  the  dish ;  boil  these 
with  strong  hydrogen  chlo- 
ride until  dissolved;  dilute, 
and  test  the  solution  with 
mercury  perchloride. 

A  white  precipitate,  turn- 
ing gray,  indicates  TIN. 

If  there  is  any  black  de- 
posit on  the  platinum,  dis- 
solve it  off  by  boiling  with 
a  little  strong  hydrogen 
chloride;  pour  off  the 
solution ;  dilute,  and  add 
hydrogen  sulphide. 

An  orange  precipitate  indi- 
cates ANTIMONY. 


1 

Residue. 
(Arsenic  sulphide.) 

[If  there  is  only  a  little  of 
it,  the  remainder  of  the  ppte. 
of  mixed  sulphides,  reserved 
on  the  filter  just  now,  may  be 
taken  in  addition.] 

Wash  it ;  place  it  with 
the  filter  in  a  beaker,  and 
warm  it  with  solution  of 
sod.  carbonate  until  it  is 
dissolved. 

Pour  off  the  solution  and 
evaporate  to  dryness  in  a 
dish.  Mix  the  residue  with 
pot.  cyanide,  and  examine  it 
for  arsenic  by  reduction  in 
an  ignition  tube  in  the  usual 
way. 


B. 

Residue. 

(May  contain  MERCURY,  LEAD,  BISMUTH,  COPPER,  CADMIUM.) 
Wash  it  through  a  hole  in  the  filter,  using  as  little  water 
as  possible;  add  an  equal  volume  of  strong  hydrogen 
nitrate,  and  boil  for  i  or  2  minutes;  dilute  with  water  and 
filter.  I 


Filtrate. 
(May  contain  LEAD,  BISMUTH, 

COPPER,  CADMIUM.) 

Add  excess  of  strong  am- 
monia :  if  this  causes  a  per- 
manent precipitate,  filter. 


Residue. 

(May  contain  MERCURY  sul- 
phide, and  possibly  LEAD 
sulphate.) 

Wash  it;  dissolve  in  aqua 
regia,  dilute  with  water  and 
put  in  a  strip  of  copper. 

A  gray 'metallic film  indicates 
MERCURY. 

[If  a  residue  insoluble  in  aqua 
regia  remains,  examine  portions, 

(a)  in  ignition  tube,  for  sulphur. 

(b)  before  blowpipe,  for  lead.] 


Filtrate. 

(May  contain  COPPER  and 
CADMIUM.) 

[If  the  liquid  is  blue,  COPPER 
is  present.] 
Add  hydrogen  sulphide. 

(a)  No  precipitate  is  formed. 
COPPER    and   CADMIUM   are 
absent. 

(b)  A  yellow  precipitate  Oc- 
curs.   CADMIUM  only  is  pre- 
sent. 

(c)  A  black  precipitate   oc- 
curs.   COPPER,  and  possibly 
CADMIUM,  may  be  present. 

Add  to  the  liquid  contain- 
ing the  precipitate  solution  of 
potassium  cyanide. 

(a)  The  precipitate  dissolves. 
COPPER  alone  is  present. 

(b)  A  yellow  residue  is  left. 
CADMIUM  is  present. 

Filter;  add  a  slight  excess 
of  hydrogen  chloride  to  the 
filtrate,  and  then  a  little 
hydrogen  sulphide. 

A  black  precipitate  indicates 
COPPER. 
E  2 


Precipitate. 
(May  contain  LEAD,  and 

BISMUTH.) 

Rinse  it  into  a  test-tube 
and  add  excess  of  dilute 
hydrogen  sulphate. 

(a)  It  entirely  dissolves, 
LEAD  is  not  present. 

Test  the  solution  for  bis- 
muth by  addition  of  ammonia, 
&c.,  as  directed  below. 

(b)  A  luhite  residue  remains. 
LEAD  is  present. 

Filter  off  the  residue,  add 
to  the  filtrate  ammonia  in 
excess. 

If  any  precipitate  is  formed, 
BISMUTH  is  present. 

Filter ;  dissolve  the  preci- 
pitate in  as  little  hydrogen 
chloride  as  possible,  in  a 
watch  glass;  and  fill  up  the 
glass  with  water. 

A  white  precipitate  indicates 
BISMUTH. 
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(TABLE  K,  continued.} 

GROUP  III.     (METALS.) 

Examination  of  the  (moist,  washed)  precipitate  produced  by  ammonium  sulphide. 
(It  may  contain  NICKEL,  COBALT,  IRON,  CHROMIUM,  ALUMINIUM,  ZINC,  MANGANESE,  as  Sulphides  or  Hydrates ;  also 

SILICA  ;  and  BARIUM,  STRONTIUM,  CALCIUM,  MAGNESIUM,  as  Phosphates,  Oxalates,  Berates,  Fluorides.) 
Pour  over  the  precipitate  on  the  filter  about  20  c.c.  of  cold  dilute  hydrogen  chloride,  receiving  the  filtrate  in  a 
test-tube.     Pour  what  runs  through  again  on  the  filter,  and  so  on,  three  or  four  times. 


Residue  (if  any). 
If  black  may  contain  NICKEL, 

COBALT,  SILICA. 

(\f<white,  SILICA  only.     Con- 
firm by  testing  a  portion  in 
microcosmic  salt  bead.) 
Wash :  test  a  small  portion 

in  borax  bead. 
(a)  Broivnijh-redbezd'm  O.F. 

Gray  bead  in  R.  F. 
NICKEL,  and  not  COBALT,  is 

present. 

Test  the  remainder  of  the 
residue  for  silica,  as  di- 
rected below. 


(/>)  Blue  bead  in  both  flames ; 
COBALT  is  present. 

(Possibly  NICKEL  also.) 

Wash  the  residue  into  an 
evaporating  dish,  using  as  little 
water  as  possible ;  evaporate 
to  complete  dryness ;  pour  on 
the  residue  some  strong  hy- 
drogen chloride,  with  one 
or  two  drops  of  hydrogen 
nitrate ;  boil  and  filter. 

If  any  white  residue  re- 
mains test-  it  for  silica  in  a 
bead  of  microcosmic  salt. 

Neutralise  the  filtrate  with 
ammonia;  add  potassium 
cyanide  until  the  precipitate 
at  first  formed  is  redissolved ; 
then  add  a  little  solid  potas- 
sium cyanide,  and  3  or  4 
drops  of  dilute  hydrogen 
chloride. 

Boil  for  5  minutes,  then 
add  some  bleaching  powder 
to  the  liquid  and  boil  again. 

(a)  The  mixture  turns  black. 
NICKEL  is  present. 

(b)  No     blackening     takes 
place.     COBALT  alone  is  pre- 
sent. 


B. 

Filtrate. 


(May  contain  IRON,  CHROMIUM,  ALUMINIUM,  ZINC,  MANGANESE;   also  BARIUM,  STRONTIUM 
CALCIUM,  and  MAGNESIUM,  as  Phosphate,  Oxalate,  Borate,  Fluoride,  or  Silicate. 

Test  a  small  portion  of  it  with  potassium  ferrocyanide. 


Blue  precipitate. 
IRON  is  present. 

Boil  the  remainder  of  the  filtrate  with 
4  or  5  drops  of  strong  hydrogen  nitrate. 


No  blue  precipitate. 
IRON  is  absent. 

Add  6  or   8  drops  of  iron  per- 
chloride  (to  separate  phosphates). 


Put  f  of  the  solution  (which  must  be  cold)  into  a  large  test-tube,  add  solution  of  sodium 
carbonate  until  a  precipitate  just  begins  to  form ;  then  add  some  barium  carbonate ;  shake 
the  mixture  and  allow  to  stand  for  2  or  3  minutes  at  least.  Then  filter. 


r 

. 

Meanwhile,  test  the  remainder  of  the 

Residue. 

Filtrate. 

solution  with  hydrogen  sulphate. 

(IRON,  CHROMIUM, 

(ZlNC,  MANGANESE.) 

Precipitate.               No  precipitate. 

ALUMINIUM,  with 

(May  also  contain  MAGNESIUM, 

BARIUM.      STRONTIUM. 

excess  of  barium 

&c.) 

Add  a  little  more  hydro- 
gen sulphate  and  filter. 

carbonate.) 
Divide  into  two 

i.  To  i  of  the   solution  add 
potassium  hydrate  in  excess  ; 

i 

portions  :  — 

.    Clj. 

r        j 

Residue.                   Filfratp. 

i.  Boil  with  po- 

warm anu  niter 
Residue. 

Filtrate. 

Fuse    with    so- 

L __ 

tassium  hydrate  ; 
filter;   add   to   fil- 

(Manganese.) 

(Zinc.) 

dium  carbonate; 

boil  the  fused  mass 
with  water  ;   wash 
on   filter  ;    dissolve 

Add   3  times  its 
volume  of  alcohol. 
If    a    precipitate 

trate  ammonium 
chloride. 

White  precipitate. 

ALUMINIUM     is 

Fuse  in  a  bead 
of  sodium  car- 
bonate before 
blow-pipe. 

Add     solution 
of     hydrogen 
sulphide. 

White  precipitate. 

residue  in  hydro- 

forms, CALCIUM  is 

present. 

Bluish  -  green 

ZINC  is  pre- 

gen chloride  and 
test  the  solution  for 
barium  and  stron- 

present. 
Allow  to  subside. 
Pour  off  all  the 
solution,  shake  UD 

2.  Fuse  on  por- 
celain with  potas- 
sium nitrate. 

bead. 
MANGANESE 
is  present. 

sent. 

tium,    as   directed 

the     residue 

with 

Warm  the  resi- 

2. To  the  rest  of  the  solution 

under  Group  IV. 

water  until  dissolv- 

due   with     water, 

add  ammonium  chloride,  am- 

ed, and  test 

with 

acidify  the  solution 

monia,  and  ammonium  car- 

ammonium 

oxa- 

with       hydrogen 

bonate  in  excess  (to  precipitate 

late. 

acetate,  and   add 

any  barium,  strontium,  and  cal- 

White precipitate. 

solution    of    lead 

cium),   boil,   filter,   test  filtrate 

CALCIUM  is  pre- 

acetate. 

with  sodium  phosphate. 

sent. 

Telloiu  precipitate. 

A    white   precipitate    indicates 

The  acids  which  may  be  combined 

CHROMIUM       is 

MAGNESIUM. 

with  these  bases  may  be  tested  for  by 

present. 

the  usual  course  (see  Table  L). 

(TABLE  K,  continued.) 

GROUP  IV.     (METALS.) 

Examination  of  the  (moist,  washed)  precipitate  produced  by  ammonium  carbonate. 

(It  may  contain  BARIUM,  STRONTIUM,  and  CALCIUM.) 

Pour  a  little  dilute  hydrogen  chloride  over  it  upon  the  filter;    pour  the  liquid  which  runs  through  again  upon  the  filter, 
and  repeat  this  until  the  whole  is  dissolved. 

Add  to  a  small  portion  of  the  filtrate  an  equal  volume  of  solution  of  calcium  sulphate,  and  (if  no  immediate  precipitate 
is  formed)  allow  to  stand  for  several  minutes. 

C. 

No  precipitate. 
CALCIUM  is  present. 
(Barium  and  Strontium  absent.) 
Confirm    by   adding    to   a  fresh 
portion  of  the  solution  ammonia 
in   excess   and  then    ammonium 
oxalate. 

White  precipitate. 
CALCIUM. 
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A. 

Precipitate  immediately. 

BARIUM  is  present. 

(Possibly  strontium  and  calcium  also.) 
Add  to  the  rest  of  the  solution  of  the  car- 
bonates in  hyd.  chloride  (i)  a  slight  excess  of 
ammonia,  (2)  about  %  its  volume  of  solution 
of  i otassium  chromate;   warm  until  the, 
ppte.  separates,  and  filter  (through  Swedish 
paper). 

a. 

Residue. 

(BARIUM  chromate.) 
Wash  it ;  take  up 
a  little  on  platinum 
wire,  moisten  with 
strong  hyd.  chloride, 
and  hold  in  Bunsen 
flame. 

Green  flame. 
BARIUM. 


Filtrate. 

(May  contain  stron- 
tium and  calcium). 
Test  a  small  portion 
with  an  equal  volum  j 
of  calcium  sulphate. 


B. 

Precipitate  on  standing. 
STRONTIUM  is  present. 

(Barium  is  absent.) 

Add  to  the  rest  of  the  solution  about  i  c.c. 
of  hydrogen  sulphate  (dilute)  and  then  ex- 
cess of  ammonia,  boil  and  filter. 


Precipitate. 
(Strontium.) 
Take  up  a  little  on 
platinum  wire,  moisten 
with  strong  hydrogen 
chloride,  and  hold  in 
Bunsen  flame. 

Crimson  flame. 

STRONTIUM. 


Filtrate. 
(May  contain 

Calcium.) 
Test    with  ammo- 
nium oxalate. 
White  precipitate. 

CALCIUM. 


Ppte.  on  standing. 

STRONTIUM  is  present  (possibly  calcium  also). 
Treat  the  main  portion  of  the  filtrate  with 
hyd.  sulphate  as  directed  under  B. 


No  ppte.  even  after  ten  minutes. 
STRONTIUM  is  absent. 
CALCIUM  may  be  present. 
Test  the  main  portion  of  the  filtrate  as 
directed  under  C. 


GROUP  V.    (METALS.) 

(The  method  of  detecting  MAGNESIUM  has  been  given  already,  in  Table  J.) 


GROUP  VI.    (METALS.) 

Examination  of  the  solution  from  which  all  the  metals  belonging  to  the  other  groups  have  been  separated. 

(It  may  contain  POTASSIUM,  SODIUM,  and  AMMONIUM,  besides  the  ammonium  salts  added  in  the  course  of  analysis.) 

Evaporate  it  to  dryness,  and  heat  the  residue  to  low  redness  (to  separate  ammonium  salts)  until  no  more  white  fumes 

are  given  off. 


A  fixed  residue  remains. 
POTASSIUM,  SODIUM,  or  both,  are  present. 
Warm  the  residue  with  2  or  3  c.c.  (not  more)  of  water,  and 
test  the  solution  as  follows : — 

1.  Dip  a  perfectly  clean  platinum  wire  into  it,  and  hold  the 
wire  in  the  flame  of  a  Bunsen's  burner. 

If  a  strongly  marked,  persistent  yelloiu  flame,  invisible  through 
blue  glass,  is  produced,  SODIUM  is  present. 

2.  Acidify,    if    necessary,   with    hydrogen    chloride:    add 
two  or  three  drops  of  platinum  perchloride;  evaporate  to 
dryness ;  pour  dilute  alcohol  on  the  residue  and  stir  until  the 
residue  is  broken  up.     Pour  off  the  liquid  and  wash  once  more 
with  dilute  alcohol. 

lfa.jrelloiv  residue  remains,  POTASSIUM  is  present. 


No  flxed  residue  remains. 
AMMONIUM  alone  need  be  tested  for. 

This  should  be  done  by  taking  a  portion  of  the  original  solu- 
tion, and  warming  it  with  quicklime  in  a -beaker,  covered  with 
a  watchglass  having  a  piece  of  moist  reddened  litmus  paper 
spread  on  its  under  surface.  If  the  paper  turns  blue,  and  if 
white  fumes  are  observed  when  a  rod  moistened  with  hydrogen 
chloride  is  held  in  the  beaker,  AMMONIUM  is  present. 
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Examination  of  Mixtures  for  Non-metallic  Radicles. 


Consider  what  radicles  may  exist  in  the  mixture,  from  the  metals  known  to  be  present,  and  the  solubility  or  non-solubility  of  the  substance 
in  water.    (See  Table  M.) 

The  following  radicles  will  have  been  detected  already,  if  present. 

ARSENATES 
ARSENITES 
CHROMATES 

ORGANIC  RADICLES  (charring  of  the  substance  on  ignition  :   or  deflagration, 
if  NITRATES,  &c.  are  also  present). 


CARBONATES  (evolution  of  gas  which  clouds  lime-water). 
SULPHIDES  (evolution  of  gas  which  blackens  lead  paper). 
NITRITES  (orange,  acid  vapours,  on  adding  dilute  acid). 
SILICATES  (gelatinous  ppte.  or  residue,  on  treatment  with  acid). 


in  examination  for  metals. 


[N.B.   The  following  radicles  are  liable  to  decompose  each  other. 


CHLORIDES. 

HYPOCHLORITES. 

CHLORATES. 

HYPOCHLORITES. 

CHROMATES. 


(a)  In  acid  solutions, 

\ 

and  NITRATES. 


!  SULPHIDES.  IODIDES. 

SULPHITES.  BROMIDES. 

HYPOSULPHITES. 


(b)    When  strongly  heated, 


NITRATES. 
CHLORATES. 
HYPOCHLORITES. 
CHROMATES. 


and 


CYANIDES. 

TARTRATES,  and  other  organic  radicles. 


Hence,  when  (for  instance)  a  CHLORIDE  has  been  detected,  the  detection  of  a  NITRATE  in  the  same  solution  is  uncertain.] 


PRELIMINARY   TEST. 

Mix  a  little  of  the  substance  (or  concentrated  solution)  with  strong  hyd.  sulphate  in  a  test-tube,  and  warm  it  gently  and  gradually  :    observe 
if  any  characteristic  gases  or  vapours  (other  than  those  above  mentioned)  are  given  off. 


Odourless,  burn 

Smell  of  essence 

Pungent  smell,  acid, 

Pungent  smell,  acid. 

Smell  of 

Greenish,  bleach  litmus. 

Red,  bleach  litmus. 

Violet,  con- 

with blue  flame. 

of  almonds. 

bleach    blue    starch 

CHLORIDES. 

•vinegar. 

CHLORATES. 

BROMIDES. 

dense  to  black 

OXALATES. 

CYANIDES. 

iodide  paper  *. 

BROMIDES. 

ACETATES. 

HYPOCHLORITES. 

If  the  litmus  is 

crystals. 

FORMIATES. 

SULPHITES. 

IODIDES. 

(Or  chlorides  +  nitrates  or 

only  reddened, 

IODIDES. 

FERROCYANIDES. 

HYPOSULPHITES. 

FLUORIDES. 

other  oxidising  substances.) 

NITRITES. 

lODATES. 

*  If  this  result  only  occurs  at 
a  high  temperature,  it  may  be 
due  to  the  decomposition  of 
the  hyd.  sulphate  itself  by 
some  reducing  agent. 


Test  separate  portions  of  the  solution  (or  solid  substance,  when  requisite)  as  directed  below. 


1. 

[Examination  for  Sulphates  and  Silicofluorides.] 

Acidify  with  hyd.  nitrate  and  add  barium  chloride  (or  barium  nitrate 
if  silver,  mercury,  or  lead  are  present). 


White  ppte. 

SULPHATE.    SILICOFLUORIDE. 
Boil  the  liquid ;  filter ;  wash  the  ppte.,  and  dry  it. 

1.  Heat  some  of  it  in  an  ignition  tube,  placing  a  small 
drop  of  water  inside  the  tube  near  the  top. 

If  white  fumes  are  given  off,  which  form  a  deposit  in  the 
water,  a  SILICOFLUORIDE  is  present. 

2.  Mix  the  remainder  with  sod.  carbonate,  and  ignite 
on  charcoal ;   test  the  residue  for  a  sulphide.     If  this  is 
detected,  the  original  substance  contained  a  SULPHATE. 


No  ppte. 
Pass  on  to  2. 


2. 

[Examination  for  Phosphates.] 
Acidify  a  small  portion  with  hyd. 
nitrate,   add   it  to  solution    of 
amm.  molybdate,  and  warm. 

If  a  yellow  ppte.  forms,  a  PHOS- 
PHATE is  present. 


3. 


[Examination  for  Fluorides.] 
Warm  some   of  the   solid   (or 

residue    from    evaporation)   with 

hyd.  sulphate  in  a  platinum  (or 

lead)  capsule. 
If  "vapours    are  given  of  which 

etch  glass,  a  FLUORIDE  is  present. 


(TABLE  L,  continued.} 
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4. 


[Examination  for  Borates,  Oxalates,  Tartrates,  Citrates,  Sulphites, 
Boil  some  of  the  substance  (or  solution)  with  excess  of  sodium  carbonate;    filter, 


Hyposulphites,  and  Acetates.] 
if  necessary ;    examine  separate  portions  of  the  filtrate   as 


follows : — 


A. 


[If  only  alkali-metals  are  present  in  the  original  substance,  the  treatment  with 

B. 

Add  a  slight  excess  of  hyd.  chloride, 
and  concentrate  by  evaporation.  Add  am- 
monia to  alkaline  reaction,  then  some 
amm.  chloride,  and  lastly  calcium  chlor- 
ide in  excess. 

If  a  ppte.  forms,  filter  at  once,  without 
warming. 


Place  a  little  in  a  dish  ;  add  some  strong 
hyd.  sulphate  and  alcohol,  and  set  fire 
to  it. 

If  the  flame  is  edged  <wM  green,  a  BORATE 
is  present. 

Confirm  by  trying  the  turmeric  paper  test 
with  another  small  portion  of  the  filtrate. 


r 

Ppte. 

(May  contain  an  OXALATE.) 
Wash  it ;  rinse  it  into  a  test-tube ;  add 
a  little  strong  hyd.  sulphate,  and  some 
manganese  dioxide. 

If  carbon  dioxide  is  given  off  with  efferve- 
scence, an  OXALATE  is  present. 


Filtrate. 

(May  contain  a  TARTRATE  and  CITRATE.) 
Rub  the  sides  of  the  tube  with  a  glass 
rod;    shake  it,   and  allow  it  to  stand  for 
10  minutes. 


Crystalline  ppte. 
A  TARTRATE  is  present. 
Filter. 


No  ppte. 
A  CITRATE  may  be  present. 


Ppte. 

(Consists  of  calcium  tartrate.) 
Wash  it ;  rinse  it  into  a  tube  with  a  little 
ammonia ;  add  a  crystal  of  silver  nitrate, 
and  place  the  tube  in  hot  water. 

If  silver  is  reduced,  a  TARTRATE  is  pre- 
sent. 


Filtrate. 


Add  a  little  more  calcium  chloride, 
and  boil  for  a  minute  or  two. 

If  a  ppte.  forms,  a  CITRATE  is  present. 


6. 


sod.  carbonate  may,  of  course,  be  omitted.] 

C. 

[Examination  for  Sulphites  and  Hypo- 
sulphites.] 

[Sulphides,  if  present  (detected  in 
Preliminary  Examination),  must  be 
separated  before  applying  the  follow- 
ing test.  To  effect  this,  add  to  the 
solution  (made  slightly  alkaline)  ex- 
cess of  solution  of  zinc  sulphate, 
warm,  and  filter:  test  filtrate  as  di- 
rected below.] 

Add  a  few  drops  of  the  solution  to 
a  test-tube  containing  dilute  hyd. 
sulphate  and  a  bit  of  zinc.  Test 
the  gas  given  off  with  lead  acetate 
paper. 

If  it  is  blackened,  SULPHITES,  HYPO- 
SULPHITES, or  both,  are  present. 

To  distinguish  between  them,  aci- 
dify another  portion  of  the  solution 
with  hyd.  nitrate. 

If  a  milky  ppte.  of  sulphur  is  gradu- 
ally formed,  a  HYPOSULPHITE  is  pre- 
sent. 

If  no  ppte.  is  formed,  a  SULPHITE 
alone  is  present. 


D. 

[Examination  for 
Acetates.] 

Add  a  little 
strong  hyd.  sul- 
phate and  some 
pure  alcohol,  and 
warm. 

\ifragrant  va- 
pours of  ethyl  ace- 
tate are  evolved, 
ACETATES  are 
present. 


[Examination  for  Chlorides,  Bromides,  Iodides,  Cyanides,  Ferrocyanides.  Sulphocyanates,  Hypochlorites.] 

(For  the  following  tests  the  solution  must  be  made  with  water  or  hyd.  nitrate,  not  hyd.  chloride.) 
Acidify,  if  necessary,  with  hyd.  nitrate,  and  add  solution  of  silver  nitrate. 

If  a  ppte.  forms,   CHLORIDES,   BROMIDES,   IODIDES,  CYANIDES,   HYPOCHLORITES,  FERROCYANIDES,   SULPHOCYANATES,   may  be  present. 

(If  the  ppte.  is  black,  SULPHIDES  are  present.      These,  however,  will  have  been  detected  already.) 
Add  the  silver  nitrate  in  excess,  shake  the  mixture  thoroughly,  and  filter;    test  filtrate  as  directed  in  6. 

Wash  the  ppte.,  rinse  it  through  a  hole  in  the  filter  into  a  small  beaker,  add  a  bit  of  zinc  and  two  or  three  drops  of  hyd.  sulphate. 
Cover  the  beaker  with  a  watch-glass  having  on  its  under  side  a  slip  of  blotting-paper  moistened  with  potassium  hydrate  (to  absorb  hyd.  cyanide), 
and  leave  it  for  ten  minutes,  or  until  reduction  is  complete. 

Examine  the  slip  of  blotting-paper  as  directed  in  A  and  the  solution,  poured  off  from  the  reduced  silver,  as  directed  in  B,  &c. 


A. 

(May  contain  a  CYANIDE.) 

Place  the  slip  of  blot- 
ting-paper in  a  porcelain 
dish,  add  i  or  2  c.c.  of 
water,  then  2  or  3  drops 
of  solution  of  iron 
protosulphate,  mix 
thoroughly  and  warm 
gently :  then  add  excess 
of  dilute  hyd.  chloride. 

If  a  blue  ppte.  or  colour- 
ation remains,  a  CYANIDE 
was  present  in  the  ori- 
ginal substance. 

[The  cyanogen  in  mer- 
cury cyanide  is  not  pre- 
cipitated by  silver  nitrate, 
but  must  be  sought  for  in 
the  original  substance  or 
solution.] 


B. 

(May  contain  an  IODIDE,  CHLORIDE, 
and  BBOMIDE.) 

Add  to  a  small  portion  of  the 
solution  a  drop  of  solution  of 
chlorine  and  then  solution  of 
starch. 

If  the  solution  turns  blue,  an 
IODIDE  is  present. 

Add  more  solution  of  chlorine, 
until  the  blue  colour  (if  formed) 
has  disappeared ;  then  add  car- 
bon disulphide  and  shake  up. 

If  the  globule,  as  it  settles,  is 
yellow,  a  BROMIDE  is  present. 

If  neither  iodides  nor  bromides 
are  found,  mix  remainder  of  solu- 
tion with  mang.  dioxide  and 
hyd.  sulphate,  and  heat. 

If  chlorine  is  given  off  (bleaching 
litmus)  a  CHLORIDE  is  present. 

If  iodides  or  bromides  are  de- 
tected, pass  on  to  C. 


C. 

[Examination  for  chlorides,  when  iodides 
and  bromides  are  present.] 

Boil  the  solution  (which  contains 
zinc  salts)  with  a  slight  excess  of 
sod.  carbonate,  and  filter. 

Evaporate  the  filtrate  to  dryness, 
mix  the  residue  with  pot.  dichro- 
mate,  transfer  it  to  a  beaker,  add 
strong  hyd.  sulphate  and  warm 
gently,  placing  on  the  beaker  a  watch 
glass  having  a  slip  of  wetted  blotting- 
paper  on  its  under  surface.  After  a 
few  minutes,  remove  the  blotting- 
paper  and  warm  it  in  a  dish  with  a 
little  dilute  ammonia ;  then  acidify 
with  hyd.  acetate,  and  add  several 
drops  of  silver  nitrate. 

If  a  red  ppte.  is  formed,  a  chromate 
is  present,  and  therefore  the  original 
substance  contains  a  CHLORIDE. 


F  2 


D. 

[Examination  for  Fer- 
rocyanides and  Sulpho- 
cyanates.] 

(Sulphides,  if  present, 
must  be  separated  as 
directed  in  4.  C.) 

Acidify  some  of  the 
original  solution  with 
hyd.  chloride ;  filter 
if  necessary;  test  the 
filtrate  with  iron 
perchloride. 

If  a  blue  ppte.  forms, 
a  FERROCYANIDE  is 

present. 

If  the  solution  turns 
deep  red,  a  SULPHO- 
CYANATE  is  present. 


E. 

[Examination  for 
Hypochlorites.] 
Add  some  of  the 
original     solution 
(which    must    be 
only  slightly  acid) 
to  dilute  solution 
of  indigo. 

If  the  blue  colour 
is  discharged  at 
once,  without  heat- 
ing or  further  ad- 
dition of  acid,  the 
presence  of  a  HY- 
POCHLORITE  may 
be  inferred. 
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6. 

[Examination  for  Chlorates.] 

Evaporate  the  filtrate  from  5  (containing  excess 
of  silver  nitrate)  to  dryness,  and  ignite  the  residue 
gently  (this  will  convert  any  chlorate  present 
into  chloride). 

Warm  it  with  a  few  drops  of  ammonia,  and 
add  to  the  solution  excess  of  hydrogen  nitrate. 

If  a  white  ppte.  is  formed,  a  CHLORATE  was  pre- 
sent in  the  original  solution. 


(TABLE  L,  continued.} 


7. 


[Examination  for  Nitrates  and  Nitrites.] 
A.    In  absence  of  Chlorates,  Hypochlorites,  Bromides,  Iodides,  Ferrocyanides,  Sulphides, 

Sulphites,  Hyposulphites. 

Add  to  a  portion  of  the  original  solution  about  half  its  volume  of  hyd.  sulphate,  and  cool 
the  mixture :  then  pour  on  it  carefully  some  solution  of  iron  protosulphate,  and  allow  to 
stand. 

If  a  brown  ring  appears,  a  NITRATE  or  NITRITE,  or  both,  are  present. 

(For  methods  of  distinguishing  between  them  see  below.) 

B.    When  Chlorates,  Hypochlorites,  Bromides,  Iodides,  Ferrocyanides,  Sulphides,  Sulphites, 

Hyposulphites  are  present. 

(Cyanides,   Ferrocyanides,   and   Sulphocyanates   must,   if  present,   be   separated  by  adding   a   warm 
solution  of  silver  sulphate  in  excess  and  filtering  ;    the  filtrate  may  be  used  for  the  following  test :) 

Add  to  some  of  the  original  solution  twice  its  volume  of  solution  of  potassium  hydrate ; 
filter,  if  necessary,  and  evaporate  the  liquid  to  a  small  bulk  (any  ammonium  salts  will  thus  be 
driven  off).  Pour  the  liquid  into  a  test-tube,  add  a  bit  of  zinc  and  one  or  two  drops  of 
platinum  perchloride,  and  heat  to  boiling  for  a  minute  or  two. 

If  ammonia  is  given  off  (tested  for  in  the  usual  way),  a  NITRATE  or  NITRITE,  or  both,  are- 
present. 

The  presence  of  a  Nitrite  is  indicated  if  orange  vapours  are  formed  on  addition  of  dilute 
hyd.  sulphate  to  a  little  of  the  original  substance  (or  residue  obtained  by  evaporating  the 
solution)  placed  in  a  test-tube.  To  make  sure  that  these  vapours  are  nitrogen  tetroxide,  take 
up  a  drop  of  solution  of  iron  protosulphate  in  a  pipette  (as  in  testing  for  carbon  dioxide), 
lower  it  into  the  vapours  and  draw  some  of  them  through  it  by  suction. 

If  the  solution  becomes  dark-coloured,  the  vapours  are  nitrogen  oxides,  and  a  NITRITE  is 
present  in  the  substance. 

If  a  nitrite  is  not  detected,  a  NITRATE  alone  is  present. 

[To  detect  nitrates  in  presence  of  nitrites,  boil  the  original  solution  with  urea  (which  will  decompose 
the  nitrites) ;  then  test  the  liquid  for  nitrates,  as  above.] 
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M. 


Solubility  of  Salts. 


In  this  Table  the  name  of  a  metallic  radicle  is  placed  at  the  top  of  each  vertical  row ;   the  name  of  a  non-metallic  radicle  is  placed  at  the  beginning 

of  each  horizontal  row. 
The  letter  placed  at  the  junction  of  a  vertical  and  horizontal  row  indicates  the  solubility  of  the  (normal)  compound  of  the  two  radicles. 

w  signifies  that  the  salt  is  soluble  in  water, 
(w)       „  „  slightly  soluble  in  water  (i  in  200-1000  parts). 

A         „  „  soluble  in  hydrogen  chloride,  hydrogen  nitrate,  or  aqua   regia. 

(  A  )       „  „  difficultly  soluble  in  hydrogen  chloride,  hydrogen  nitrate,  or  aqua  regia. 

i          „  „  insoluble  in  water,  hydrogen  chloride,  hydrogen  nitrate,  and  aqua  regia. 


SILVER. 

MERCURY 
(protosalt). 

MERCURY 
(persalt). 

LEAD. 

COPPER. 

CADMIUM. 

BISMUTH. 

ARSENIC. 

ANTIMONY. 

A 

& 

H     OJ 

a 

PLATINUM 
(persalt). 

Q£ 

o  f, 

0   0, 

If 

COBALT. 

NICKEL. 

MANGANESE. 

CHROMIUM. 

ALUMINIUM. 

0 

g 

N 

BARIUM. 

STRONTIUM. 

CALCIUM. 

MAGNESIUM. 

POTASSIUM. 

SODIUM. 

AMMONIUM. 

HYDROGEN. 

OXIDE    .... 

A 

A 

A 

A 

A 

A 

A 

(W) 

A  I 

A 

A  I 

A 

A 

(A) 

A 

A 

A 

A  I 

(A) 

A 

(w) 

(W) 

(W) 

A 

W 

w 

W 

W 

NITRATE    .      .      . 

W 

W* 

W* 

W* 

W 

W 

W* 

... 

... 

w 

w 

w 

W 

W* 

W* 

W 

W 

W 

W 

w 

W 

W 

W 

W 

w 

W 

W 

CARBONATE     .      . 

A 

A 

A 

A 

A 

A 

A 

... 

... 

A 

A 

A 

... 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

W 

w 

W 

W 

ACETATE    .      .      . 

(W) 

(W) 

W 

W 

W* 

W 

W 

W 

W 

... 

... 

W* 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

w 

W 

w 

TARTRATE      .      . 
OXALATE    . 

A 

A 
A 

A 
A 

A 

A 

A 

(W) 

A 

(W) 
A 

W 

A 
A 

(w) 

A 

W 
W 

... 

... 

W 
A 

W 

A 

A 

A 

(W) 
A 

W 

•nr 

w 

(W) 

A 

(W) 

(W) 

W 

(w) 

w- 

w 

•nr 

W 

w 

CYANIDE     .      .      . 

(A) 

W 

W 

A 

A 

(W) 

A 

A 

(A) 

w 

W 

A 

A 

A 

A 

•  .  . 

A 

W 

w 

w 

W 

w 

w 

W 

w 
w 

CHLORIDE  .      .      . 

I 

A 

W 

(W) 

W 

W 

W* 

W 

W* 

\V 

w 

W 

W 

W 

W 

W 

W 

W 

w 

W 

W 

w 

w 

W 

w 

w 

W 

w 

BROMIDE    .      .      . 

I 

A 

(W) 

(W) 

W 

w 

W 

w 

W 

W 

w 

W 

W 

W 

W 

W 

W 

W 

w 

W 

W 

w 

w 

W 

w 

w 

W 

w 

IODIDE  .... 

I 

A 

(A) 

(W) 

... 

w 

A 

(w) 

A 

(W) 

(w) 

A 

A 

W 

vv 

W 

W 

W 

... 

w 

w 

w 

w 

W 

w 

w 

W 

w 

FLUORIDE  .      .      . 

W 

A 

W 

A 

(W) 

(w) 

W 

w 

W 

w 

(w) 

W 

W 

w 

(w) 

(W) 

A 

W 

A  I 

(w) 

A 

A 

A  I 

A 

w 

w 

W 

w 

SULPHIDE  .      .      . 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

W 

W 

W 

W 

w 

w 

w 

w 

SULPHITE  .      .      . 

A 

A 

A 

A 

W 

(W) 

A 

... 

A 

(W) 

\V 

W 

... 

(W) 

A 

A 

A 

W 

A 

(W) 

A 

A 

W 

W 

w 

w 

w 

w 

HYPOSULPHITE  . 

A 

A 

A 

A 

W 

W 

... 

... 

w 

... 

... 

W 

W 

W 

W 

w 

(W) 

W 

W 

w 

w 

w 

w 

w 

SULPHATE       .      . 

(w) 

W 

W* 

A  I 

W 

w 

W 

... 

W 

w* 

W 

W 

W 

w* 

W 

W 

W 

w 

W 

w 

I 

I 

W 

w 

w 

w 

w 

w 

HYPOPHOSPHITE 

W 

(w) 

w 

w 

w 

W 

w 

W 

w 

W 

w 

W 

w 

W 

w 

w 

w 

w 

PHOSPHATE    .      . 

A 

A 

A 

A 

A 

W 

W 

A 

A 

BORATE      .      .      . 

(W) 

(W) 

(W) 

(w) 

(W) 

(W) 

(w) 

... 

(w) 

(w) 

w 

(W) 

(w) 

(w) 

(w) 

(w) 

A 
(W) 

A 

(W) 

A 

(W) 

w 

w 

w 
w 

w 
w 

w 

SILICATE    .      .      . 

A 

A 

, 

A  I 

, 

AT 

AT 

w 

/     * 

ARSENITE  .      .      . 

A 

A 

A 

A 

A 

... 

... 

... 

w 

A 

A 

... 

... 

A 

A 

A 

A 

*  •  • 

(w) 

(w) 

1 

A 

1 

A 

w 

w 

w 

CHROMATE       .      . 

A 

A 

A 

A 

(w) 

A 

A 

... 

A 

A 

A 

A 

A 

(W) 

W 

W 

A 

w 

A 

(w) 

(W) 

W 

w 

w 

w 

w 

*  Basic  salt,  A. 


Metals  whose  oxides  or  hydrates  are  soluble  in  solution  of 
ammonia  or  ammonium  salts. 


Group  I. 

SILVER. 

Group  II. 

COPPER. 
CADMIUM. 
ARSENIC. 


Group  III. 

COBALT. 

NICKEL. 

MANGANESE. 

ZINC. 

Group  V. 

MAGNESIUM. 


Metals  whose  oxides  or  hydrates  are  soluble  in  solution  of 
potassium  hydrate. 


Group  I. 

LEAD. 

Group  II. 

ARSENIC. 
ANTIMONY. 

TIN. 
GOLD. 


Group  III. 

ALUMINIUM. 

CHRQMIUM. 

ZINC. 


THE  END. 
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